Objectives: Major depressive disorder is diagnosed on the basis of patient's self-reported experiences, behavior reported by relatives, and a mental status examination, and yet we do not have any reliable biomarker for this. Mood-regulating pathways are affected by oxidative injury to lipids and cortisol is released into the blood due to stimulation of corticotrophin receptors in the adrenal cortex. Here, we aimed to determine serum levels of malondialdehyde and cortisol in major depressive disorder patients and controls. Methods: We collected blood samples from 247 major depressive disorder patients and 248 controls. Serum levels of malondialdehyde and cortisol were measured by ultraviolet spectrophotometry and enzyme-linked immunosorbent assay kit, respectively. Results: We found malondialdehyde levels were significantly higher in patients than controls, with mean ± standard deviation at 4.49 ± 1.37 and 2.87 ± 0.82 µmol/L, respectively, p < 0.001. Cortisol levels were also found significantly higher in patients than controls, with mean ± SD at 19.22 ± 1.64 and 17.37 ± 1.34 µg/dL, respectively, p < 0.001. Significant negative correlation was observed between serum levels of malondialdehyde and cortisol in patients (r =−0.170, p = 0.021). Receiver operating characteristic analysis showed good diagnostic value for malondialdehyde and cortisol, with the area under the curve at 0.853 and 0.819, respectively.
Introduction
Major depressive disorder (MDD) is a highly prevalent mental disorder. According to the World Health Organization (WHO) report, depression is predicted to be the second leading disease in the world by 2020. 1 A person's family, work, and personal life are adversely affected by low self-esteem and loss of interest or pleasure in day-to-day activities due to MDD. 2 As depression gives the enormous problems on a person's life, wide-ranging efforts have been placed to divulge the organic mechanisms tangled in MDD. 3 Moreover, diagnosis of depression generally rely on the reports of patients or their relatives, which lead to prejudice and confuse independent explanations for this illness. 4 Therefore, the necessity for biomarkers has become important for many reasons. For example, a trustworthy biomarker can help to diagnose MDD patients precisely as well as it can also be helpful to understand the mechanism of depression. In addition to these, peripheral blood samples are more practical and convenient than tissue or other samples to identify possible biomarkers for any disease. 5 Interleukins, microRNAs, cytokines, oxidative stress, malondialdehyde (MDA), the hypothalamic-pituitary-adrenal (HPA) axis activities, catabolites of tryptophan, and antioxidant enzyme activities have been analyzed to identify biomarkers of depression. [6] [7] [8] [9] [10] [11] [12] [13] MDA and cortisol measurements are comparatively easy and not expensive in the peripheral blood sample among above-mentioned parameters. A recent case-control study revealed that MDA could be a good biomarker candidate for MDD. 8 The HPA axis is the key regulating systems for stress responses that form major pathways for symptoms of depression. 14 Cortisol is released into the blood due to stimulation of corticotrophin receptors in the adrenal cortex. 15 Thus, serum cortisol may be involved in the pathogenesis of depression.
Many researchers consider MDA as a key factor for oxidative stress. MDA is the end product of lipid peroxidation that can be used as a marker for oxidative stress. 16 Reactive oxygen species (ROS) involved in many neuropsychiatric diseases as our brain can be damaged by ROS due to its high metabolic rate. 17 Excess lipid peroxidation occurred due to the increase of ROS in the oxidative process that ultimately causes tissue damage. 18 For these reasons, MDA has got interest, and a number of researches have measured serum MDA levels in depression. Many of these works showed elevated MDA levels in major depression. 8, 19 The HPA axis plays an important role in the maintenance of homeostasis in the face of stress. It is well described that the functional changes of the HPA axis occurred in depression. 20 Furthermore, early life exposure to stress has been identified as a causative factor for HPA dysfunction. [20] [21] [22] Central nervous system (CNS) and different tissues get exposure to physiologically active glucocorticoids in depressed patients. Unbound serum cortisol level is correlated with the cerebrospinal fluid (CSF) free cortisol levels. The presence of severe depressive symptoms in MDD patients is due to the extreme CNS exposure to glucocorticoids. 23 As MDA is a biomarker for oxidative stress and cortisol is a stress hormone, elevation for both of these parameters in serum level increases the risk of depression. 24, 25 MDA and cortisol levels have been measured in many studies in depressed patients to draw a deduction for neurobiology but studies targeting the diagnostic values of these parameters are limited. In the present study, we aimed to investigate MDA and cortisol levels in MDD patients and control subjects. After that, our focus was on the diagnostic value of the up-regulated MDA and cortisol. We anticipated decent diagnostic test value of these parameters due to the large study population.
Methods

Study population
It was assumed that exposed controls and alpha risk will be 20% and 5%, respectively. We designed 1:1 matched casecontrol study to detect an odds ratio of 2 with power 90%. 26 Based on this assumption, the estimated sample size was supposed to be 452 (226 cases and 226 controls). This casecontrol study enrolled 247 MDD patients and 248 control subjects. The patients were recruited from the Department of Psychiatry, Bangabandhu Sheikh Mujib Medical University (BSMMU), Dhaka, Bangladesh but the control subjects were recruited from different parts of Dhaka city matched by age, gender, and body mass index (BMI) with the patients. Qualified psychiatrists diagnosed all the patients and evaluated controls according to the Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5) using the Structured Clinical Interview for DSM-5 (SCID-5). Diagnoses of the coexistence of other complications were performed by detailed physical and neurological screenings. Patients with comorbid psychiatric disorders and mental retardation were excluded from the study. Additional exclusion criteria were substance abuse or dependency, chronic physical illness or abnormal BMI, and presence of infectious diseases. The study population had not been treated with any medication that could interfere with the serum levels of MDA and cortisol. Also, the study population had no earlier evidence of liver or kidney failure. Pre-designed questionnaires were used to record socio-demographic data. Diverse biographical features (weight, height) and BMI were also measured for the study population.
Blood sample collection
Between 10:00 a.m. and 12:00 p.m. after an overnight fast of 8-10 h, blood samples (5 mL) were collected from the cephalic vein of each participant. The samples were then permitted to clot for 1 h at room temperature. After centrifugation at 3000 r/min for 15 min, serum samples were taken out from the collected blood samples, placed into microtubes and stored at −80°C until analysis.
Quantification of serum MDA and cortisol
The concentration of serum MDA was estimated according to our previously published method using thiobarbituric acid (TBA) reagent and the absorbance of the supernatant was measured spectrophotometrically at 530 nm. 27, 28 Serum cortisol was measured using commercially available enzymelinked immunosorbent assay (ELISA) kit (Diagnostics Biochem Canada Inc.) according to the manufacturer's instructions. The assay was based on competitive binding of antibodies. The ELISA kit consisted of a number of plates with 96 microtiter wells on each plate. All of the microtiter wells were coated with antibodies directed toward an antigenic site on the cortisol molecule. The concentrations of MDA and cortisol were expressed as µmol/L and µgm/dL, respectively.
Statistical analysis
Statistical analysis was performed using SPSS statistical software, version 23.0 (IBM Corp., Armonk, NY). A p value of less than 0.05 was considered to be statistically significant. As the descriptive statistics for normally distributed variables, the mean and standard deviation (SD) error were used. Comparison between cases and controls of analyzed parameters were shown by independent sample t-tests. Pearson's correlation test was used to establish correlations among different study parameters. Serum levels of MDA and cortisol were presented as the mean ± SD. Receiver operating characteristic (ROC) curve was drawn for the identification of cut-off point.
Results
General description of the study groups
The characteristics of the study population have been presented in Table 1 . MDD patients and their corresponding controls were alike in terms of age (patients: 33.03 ± 10.89, controls: 33.55 ± 9.58, p = 0.576), BMI (patients: 22.82 ± 2.53, controls: 23.15 ± 3.01, p = 0.193), and sex (male/female: 91/156, 102/146 patients and controls correspondingly, p = 0.407). Female comprised the higher percentage in both patients and control groups (63% and 59%, respectively). BMI values were normal for 84% patients and 78% control subjects.
Biomarker level differences among patients and control subjects
Serum levels of MDA and cortisol for study population were presented in Table 2 . We observed MDD patients showed significantly elevated serum levels of MDA than controls, with mean ± SD at 4.49 ± 0.13 and 2.87 ± 0.08 µmol/L, respectively, p < 0.001. Cortisol levels were also significantly higher in patients than controls, with mean ± SD at 19.22 ± 0.28 and 17.37 ± 0.40 µg/dL, respectively, p < 0.001.
Relation among various research parameters in study population
Pearson's correlation was used to establish correlations among various research parameters in patient and control groups (Table 3) . A significant negative correlation was observed between serum levels of MDA and cortisol in depressed patients (r =−0.170, p = 0.021). Pearson's correlation coefficient suggested that there was no significant correlation between elevated serum levels of MDA and cortisol with the socio-demographic status of the patients (p > 0.05). We found significant positive correlations of serum MDA and cortisol level with the number of depressive symptoms present in the patients according to DSM-5 ( Figure 1 ).
Diagnostic performance of investigated biomarkers
The ROC curves of MDA and cortisol were plotted, and the cut-off points for diagnostic measures were determined as 3.40 µmol/L and 17.85 µg/dL, respectively (Figures 2 and 3) . The area under the ROC curve (AUC) was 0.853 for MDA [29] [30] [31] For example, Camkurt et al. 8 engaged 50 patients (drug-naïve, smoking-free, alcohol-free) and 50 control subjects in their study and found the significant elevation of MDA in major depression. Bilici et al. 32 included 30 depressed patients and 32 controls for their study and found the significant elevation of MDA in depression. Meta-analyses summarize current knowledge regarding lipid peroxidation markers in clinical samples of MDD and the effects of antidepressant pharmacotherapy on those markers. 33, 34 Likewise, many researches stated elevated MDA levels in depression and a reduction after a successful antidepressant therapy. Mazereeuw et al. 34 reported elevated serum MDA levels in MDD patients and that can be normalized by antidepressants therapy. Galecki et al. studied MDA levels before and after fluoxetine therapy. They recruited 50 MDD patients and 30 control subjects and their conclusion was that fluoxetine therapy significantly lowers MDA levels in depression. 35 In another study, the effects of citalopram and fluoxetine on MDA levels in depression have been evaluated by Khanzode et al. The outcomes of this study also showed significant reduction in MDA levels after antidepressant therapy. 36 Elevated serum MDA levels implicate increased lipid peroxidation products in MDD. Higher levels of MDA and lower levels of antioxidants associate the high degree of oxidative stress in depression. 33 These results suggest that oxidative stress plays a major role in developing depression and that can be alleviated by improving the stressed condition or antidepressant treatment. 34 Moreover, high level of free serum cortisol is a risk factor for major depression. 37 Hyperactivity of the HPA axis and increased cortisol levels are characteristic of the pathophysiology of MDD. 38 Several studies investigated the serum levels of cortisol in MDD patients and found elevated levels in most of the cases. 39, 40 Ahmed et al. 41 investigated serum cortisol levels in 20 MDD patients and 20 healthy controls and found significantly increased levels of cortisol in depression. Another study by Cubała and Landowski, 42 they recruited 20 treatment-naïve non-late-life MDD patients and in 20 age-and sex-matched healthy controls in their cross-sectional case-control study and found a significantly higher concentration of cortisol in patients as compared to controls. Similarly, many studies showed significant upregulation of serum cortisol in depression and a downregulation after antidepressant therapy. Piwowarska et al. reported increased serum cortisol levels in MDD patients can be normalized by fluoxetine therapy. The study included 21 patients and 24 healthy comparison subjects. 43 In another study, Piwowarska et al. explored serum cortisol levels before and after therapy with clomipramine and they claimed that clomipramine therapy significantly lowers cortisol levels in MDD patients (p < 0.046). Their study involved 17 MDD patients and 21 control subjects. 38 Unluckily, not any of the above studies enrolled a large number of samples to investigate serum levels of MDA and cortisol in MDD patients. We believe that our study with very large sample size provides more reliable outcome than before. Finding diagnostic markers of psychiatric illness is an interesting area of research. In many earlier studies, peripheral biomarkers were planned for different psychiatric diseases. Fındıklı et al. 44 demonstrated that serum levels of G protein-coupled estrogen receptor 1 (GPER1) had a prognostic value for the existence of anxiety and GPER1 receptor action can be an applicant marker for generalized anxiety disorder (GAD). Bulut et al. 45 examined paraoxonase action in patients with GAD, and the AUC value was 0.980. Camkurt et al. 8 indicated an AUC value of 1.0 for MDA in MDD patients. Moreover, Güneş et al. 46 identified that prolidase was a decent marker for schizophrenia (AUC: 1.0). Selek et al. 47 also stated very good diagnostic performance for both prolidase (AUC: 0.989) and catalase (AUC: 0.989). Now, a rising body of evidence occurs concerning the diagnostic performance of many peripheral biomarkers in mental illness. From this point of view, our study found that MDA and cortisol levels had significant diagnostic values for major depression (AUC: 0.853 and 0.819, p < 0.001). We do not make an interpretation from this; MDA and cortisol are unique diagnostic indicators for MDD. Nevertheless, as we clarified above, amplified MDA and cortisol look like a dependable result for MDD in most of the patients. By adding our findings to the earlier information, we prudently infer that MDA and cortisol levels could be the applicant markers for MDD. We recommend further works in the similar field should emphasis on greater and more similar samples to detect whether MDA and cortisol could be indicators for depression. The limitations of this study are the lack of food intake data of study population and the single measurement of cortisol. 
Conclusion
The current study explored that MDD patients have increased serum levels of MDA and cortisol than the control subjects. Moreover, it was observed that the diagnostic values of both MDA and cortisol were significant. Serum levels of MDA and cortisol may be the candidate biomarkers for major depression. ROC analysis confirmed the high diagnostic performance of MDA and cortisol in depression. These outcomes should be treated as preliminary and need to be established by further studies examining the diagnostic performance of MDA and cortisol for MDD.
